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| NTRODUCTI ON

In recent years, many hatcheries in the United States have
been examning the use of baffles in raceways as a neans of
renovi ng unwanted fecal material, silt, |eaves, and other debris.
The general idea is that by installing several strategically-
pl aced "baffles" in a raceway, the water is diverted below the
baffles and forces the debris through the system continually.
This elimnates the need for sweeping the raceways and creating
unnecessary stress on the fish. It has proven to be an effective
way of renoving fecal material at nmany hatcheries (Wsters 1986)
and provides a cleaner environnent for the fish because the
solidsd accunmul ate at the end of the raceway, where they are
renoved.

Because of the heavy silt-load at Rapid River Hatchery
during the tinme the raceways are occupied, it was questioned
whet her baffles would be effective. If they were, it would save
at | east 405 man-hours (3 enployees x 2.5 hours x 3 tines per
week x 18 weeks per year) of labor-intensive work sweeplng
raceways, as well as reduce stress on the fish. Savings would be
much higher during a high-water year because of the increased
amount of suspended material in the water over a |longer period of
time, thus requiring additional sweeping. Therefore, it was
decided to set up an experinent to test the feasibility of
baffl es at Rapid R ver Hatchery.

OBJECTI VES

1. To determine if baffles will renove settleable solids from
the raceways, thereby elimnating the need for sweeping.

2. To evaluate growh rates, conversion, nortality, and fish
health of spring chinook salnbn in a raceway containing
baf f | es.

METHCDS

Spring chinook salnmon fry from the 1987 Rapid River brood
year were used in the 44-day study. Approximately 475,000 fry
averaging 1.68 inches were placed in each of two raceways (6 ft.
x 90 ft. x 3 ft.). Water flows of 1 cfs were delivered to each
raceway continuously, providing a turnover rate of 2.2 exchanges
per hour. Baffles neasuring 6 ft. x 3 ft. were constructed of
3/ 4-inch exterior plywood and were placed in one raceway at
10-foot intervals about 5 inches off the bottom using a slotted
2-inch dianmeter "leg" on the bottom of the board (Figure 1).
These were placed inthe raceway five weeks after the fry had
been stocked. The top of the baffle was about six inches bel ow
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Figure 1. Raceway with baffles and Allen feeders.



the raceway wall, but above the water level in the raceway.
Standard 3/8- inch nachine bolts secured the upper part of the
baffl e against the concrete wall. The followng fornmula was used
to give an estimate of the distance off the bottom to place the
baffles (Streeter 1971):

Q=VxA
where Q = flow (nm's)
V = velocity (n's)
A = area perpendicular to the flow (m

Sone adjustnent was necessary to fine-tune the optinmm
di stance off the bottom to give the greatest performance. This
was dependent on the distance between each baffle and the flow
through the raceway. Further information regarding beginning
stocking rates, condition factor, feed used, and rearing indices
is listed in Table 1.

Tabl e 1. Beginning information for baffl eboard experinent at
Rapid R ver Hatchery, 1988.

Starting I nformation: Raceway w t hout Raceway w th
baf f | eboar ds baf f | eboar ds
Nurmber 472, 881 472,428
Fi sh/ | b. 792 827
Lengt h 1.69" 1.67"
Wi ght 597 | bs. 571 | bs.
Condition factor (Ca 2.6 2.6
Feed Bi odi et #3 Bi odi et #3
Feedi ngs/ day 8 8
Density index . 33 . 32
CFS 1.0 1.0
Fl ow i ndex .79 .76
%C = Avg. Wwt. (lbs.) of one fish x 10, 000

(Avg. length (inches) of one fish)
b2 200 fish died as a result of inproper baffle placenent--see
Resul ts and Di scussi on.

Feed was hand-delivered to the fish eight to ten tines per
day, generally on the hour. Both groups were also supplenented
using Allen automatic feeders. Feed anmounts were based on past
hat chery records (Table 2) and calculated using the "hatchery
constant” nethod as described by Piper et. al. 1982. Mrtalities
were collected and nunbers recorded each tinme the raceway w thout
baffles was cleaned (three tines per week). The raceway wth
baffl es needed sone cleaning in the last five feet of the raceway
at the same tinme to renove accunul ated debri s.

Sanpl e counts were taken at the begi nning of the experinent,
on March 31, April 15, and at the end of the experinent. Lengths
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Table 2. FEED AND GROWIH HISTORY INFORMATION BASED
ON AVERAGED PREVIOUS YEARS DATA FOR SPRING
CHINDOK SALMON AT RAPID RIVER HATCHERY

AVERAGE  AVERAGE
NO. PER LB. LENBTH

AVG. WATER  DENSITY  FLOW FEED  HATCHERY AVG.DAILY  MONTHLY CONDITION ¥ BODY NO. FEEDINGS AT END DF AT END OF
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¢ Rapresents 1 year of data and is not a aean,



were taken at the start of the experinent, on March 31, and Apri
29, and conversions, condition factors (C), and nortality were
cal cul at ed.

Fish health was nonitored twice over the test period. A
gener al necropsy of the fish, internal and external, was
conducted, and fish were examned for BKD using standard gram
st ai ni ng met hods.

RESULTS AND DI SCUSSI ON

The final nunbers for the baffle experinment are presented in
Table 3. This information is discussed in the text bel ow

Table 3. Final nunbers for baffle experinent.

Endi ng | nformati on: Raceway w t hout Raceway w th
haffl ehonar ds haffl ehonar ds
Nunber 470, 481 468, 230
Fi sh/1 b. 295 306
Lengt h 2.2" 2.17"
Lenat h i ncrease . 51" . 5"
Wi ght 1,593 | bs 1,533 | bs
Condition factor (C)? 3.18 3.2
Feed Biodiet 1.0 & 1.3 nm Biodiet 1.0 & 1.3 m
Feedi nas/ day 8 8
Density i ndex .45 .44
CFS 1.0 1.0
Fl ow i ndex 1.61 1.57
Mortality 2,400 3,970°
Wei ght gai n 996 | bs. 962 | bs.
Food fed 829 | bs. 800 | bs.
Conver si on . 832 . 832
%C =Avg. Wm. (Ibs.) of one fish x 10, 000

(Avg. length (inches) of one fish)
b2 200 fish died as a result of inproper baffle placenent--see
Resul ts and Di scussi on.

Wast e Renoval

Baffles were very effective in renpoving unwanted fecal
material, silt, and debris from the raceways. Once the baffles
were properly installed, the waste settled to the bottom of the
raceways and was flushed out below the baffles. Flow between the
baffles followed *a circular pattern (Figure 2) and could be
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Figure 2. Side view of water flow pattern between baffles.
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adjusted by tilting the baffles or varying the distance between
the baffles until optinmm performnce was achieved. Fish noved
freely between baffles and did not seem to be adversely affected
by the current.

It is inmportant to have sufficient flow beneath the baffles
to renmove the wastes, yet not so nuch as to prohibit novenent of
fish between the baffles. This is acconplished by visua
observation of the turbulence between baffles, as well as fish
nmovement. Too nmuch turbulence indicates the baffles are too |ow

and need to be raised, otherwise fish wll put too nuch energy
into swmmng rather than growi ng and wastes wi |l be resuspended,
| eading to reduced environnental quality. Too little turbul ence
will result in waste settling between the baffles and not being

efficiently renoved.

Because of the small anount of runoff this year, the silt
entering the raceway was mnimal; therefore, the silt-renoving
capabilties of the baffles could not be determ ned. However, al
silt entering the raceway was renoved.

Mrtality

Wen the baffles were first placed in the raceway, a nmmjor
concern was fish being inpinged against the tailscreen. This
concern was justified, as approximately 2,200 fish died as a
result of a baffle placed too close (five feet) to the tailscreen
during the initial installation. This baffle was renoved, and
t he probl em was el i m nat ed.

Total nortality during the study period in the control group
was 2,400 fish. Mortality in the experinmental group was 3,970,
including the 2,200 which died as a result of poor baffle
pl acenent. Mrtality from March 18 to March 31 was 790 in the
control group and 2,850 in the experinmental group. Mortality
over the final 30 days was 1,610 in the control group versus
1,120 in the experinmental group. From this information, it 1is
evident that once the baffles have been properly installed, there
was no significant difference in nortality.

Fi sh Di stribution

Surprisingly, fish in the raceway wth baffles remined
uniformy distributed throughout the raceway. Once the baffles
were installed at their correct location, fish noved freely back
and forth from each baffle section and did not appear to be
adversely affected by the baffles.

BAFFLE



Conver si on

The conversion for both groups was .832 pounds of feed to
produce one pound of gain, indicating that baffles during this
study did not affect feed conversion rates.

Because the Allen feeders were permanently attached to the
raceways, the placenent of the baffles to get optinmum benefit
from both the feeders and baffles was |imted. Therefore, the
baffles were placed directly behind the feeders. Wen the feed
dropped into the water, it nmoved with the current forward to the
next baffle, then down and back to the baffle again (Figure 2).
This rolling notion kept the feed in the water columm rmuch | onger
and traveled a greater distance, instead of sinking to the bottom
i mredi ately, thus increasing the chance that the particle would
be eaten. However, conversions in both groups were i1dentical.

Fi sh Health

Fish in both raceways were exam ned during the test period.
Necropsies indicated no differences between the two raceways, and
over al | fish heal th appeared excel | ent t hr oughout t he
experiment. Initial concern was expressed about the gills of the
fish in the raceway wth baffles because of the increased
velocity of waste-filled water wunder the baffles. However,
careful examnation of the gills revealed no difference between
the two groups; gills from both groups were in excellent
condi ti on.

O her

Gowth anong both groups was nearly identical. The contro
group grew .51 inches, while the experinental group grew .5
i nches. Past hatchery records indicate the average condition
factor (C) for this size fish and tinme of year at Rapid River
ranges from 3.0 to 3.3. Condition factors were 3.18 for the
control group and 3.2 for the experinmental group--well within the
normal range.

RECOVENDATI ONS

Raceways fitted with baffles perfornmed just as well as those
without. Mortality, fish health, conversion, condition factor,
and growth rate were alnost identical, thus indicating that
during this study, baffles had no adverse affects on these
indices. The tinme and noney saved at Rapid River Hatchery from
the use of baffles is an estimted 405 hours | abor (3 enployees x
2.5 hrs x 3 times per week x 18 weeks = 405), or a m ni mum of
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$1,887 dollars per year if only l|aborer classification enployees
were used (%$4.66/ hour).

From this information, it is recommended that baffles be
installed in the raceways at Rapid River Hatchery. These should
be nmade from a long-lasting material such as stainless steel,
PVC, or alumnum rather than exterior plywod. Plywod was used
only to determne their effectiveness, but wuld need to be
replaced frequently and would not be cost-effective over a |ong
period of tine.
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